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ABSTRACT

The recent application of biochemical techniques in taxonomy markedly improved the specific identification and strain charac-
terization of a wide range of living organisms. These techniques are gradually replacing classical anatomical and morphological
indices commonly used for characterization of animal parasites particularly those of medical and veterinary importance. Amongest
these biochemical techniques, both electrophoresis and iso-electric focusing proved to be most useful and reliable tools in this
respect. The present investigation includes a detailed study of the electrophoretic and/or the iso-electric focusing patterns of soluble
proteins, non specific esterases, acid phosphatases, aspartate amino transferase (AST), glutamate - oxaloacetate transaminase (GOT)
and a-glycerophosphate dehydrogenase in some snail populations as well as in some strains of schistosomes. Certain inter-popula-
tion and inter-strain variations are observed in the patterns of these proteins and enzymes proving the importance of the biochemical
characterization of populations of snails and strains of schistosomes. The significant correlation between these observed biochemi-
cal variations and the differences observed in the susceptibility patterns of different populations of snails to infection with human
schistosomes has been also attempted.
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INTRODUCTION

The past three decades have witnessed great interest in the
identification and characterization of strains of parasites and their
vectors or intermediate hosts. This is particularly evident in the
case of human schistosomes and their intermediate hosts where
these infraspecific variations directly affect the epidemiology of
the disease and thus influencing effective control [1]. Distinct
infraspecific variations in several biological and pathological
characteristics (infectivity, prepatent period, egg distribution into
tissues, pathogenicity and virulence) of human schistosomes in
the definitive host have been documented for two main species
of human schistosomes: S. japonicum and S. mansoni {2-4). Sub-
stantial evidence also accumulated on the infraspecific differ-
ences between strains of schistosomes in their intermediate snail
hosts [5, 6].

In view of the great difficulties encountered in determining
the morphological, anatomical and other biological characteris-
tics of parasite strains and populations of snail intermediate hosts,
scientists appealed for more research, to develop reliable meth-
ods for identifying these strains and populations [7].

The intrinsic infraspecific identification and characterization

of schistosomes received widespread attention. The pioneering .

electrophoretic studies of Wright et al. [8. 9] and Fletcher et al.
[10] have contributed greatly to our understanding of infraspe-
cific variations in schistosomes and their intermediate hosts.
These studies are also complemented by the recent application
of DNA analytical procedures which extend our knowledge of
the genetic diversity of schistosomes [11, 12].

Recently, the proplem of genetic variability became more
complicated by demonstrating that isolates of parasites and in-
termediate hosts from the same geographical region might dif-
fer in their response to chemotherapy [12] and their infectivity
to snail intermediate hosts [14, 15]. Accordingly, the present work
was initiated in an attempt to complement these observations by
extending modern electrophoretic studies to identify the range
of variability of both schistosomes and their intermediate hosts
in Egypt. In the present work the range of variability in the elec-
trophoretic and isoelectric focusing patterns of proteins and cer-
tain enzymes in some populations of both Biomphalaria and
Bulinus (the intemediate hosts of S. mansoni and S. haematobium
respectively) as well as certain strains of human Egyptian schis-
tosomes are studied. In the meantime, possible correlation be-
tween these patterns with the observed differences in the infec-
tivity of the parasite strains and the snail intermediate hosts is
attempted.

MATERIAL AND METHODS .

The snail populations of Bulinus truncatus used in this study
were collected from some areas in Egypt and from one locality
in Sudan. The populations of wild snails used were collected
from Alexandria, Zagazig, Qanater, Abo Rawwash, Giza, Menia,
Quena, Luxor, Aswan in Egypt and Gezira in Sudan.

Two strains of Schistosoma haematobium are used for the
susceptibility studies of the snails. These are Abo-Rawash and
Qena strains. The strains were maintained in the laboratory in
the local strain of B. truncatus and golden hamsters as interme-
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diate and definitive hosts respectively.

Three species of Biomphalaria were used in this work:
Biomphalaria alexandrina, Biomphalaria glabrota and
Biomphalaria pfeifferi.Wild species of Biomphalaria
alexandrina were collected from the following sites in Egypt;
Alexandria, Zagazig, Al Marg, Suez, Aswan and Abo Rawwash.
A laboratory colony of Biomphalaria glabrota were raised from
a stock originally obtained from the Center of Tropical Diseases,
University of Lowell, Lowell, Mass, U.S.A. A laboratory colony
of Biomphalaria pfeifferi was raised from a stock originally ob-
tained from an irrigation canal at Al Gezira in Sudan.

Two strains of Schistosoma mansoni were used one from
Egypt and the other one from Puerto Rico. The Egyptian Strain
was isolated from stool samples of young untreated parasitologi-
cally positive cases, living in a small village, Abbis, near Alex-
andria. Eggs of the Puerto Rico Strain were obtained from a
hamster infected with cercariae shed from infected snails mailed
to Cairo from the Center of Tropical Diseases, University of
Lowell, Lowell, Mass, U.S.A. Both strains were subsequently
maintained at Ain Shams Laboratory for Snail and Parasite Biol-
ogy using the respective snails and golden hamsters as interme-
diate and defenitive hosts respectively.

Two weeks old snails grown on the blue green algae, Nostoc
muscorum [16] were used for the susceptibility studies or main-
tenance of the parapite strains. The snails were examined after 5
weeks post - exposure for the presence of infections. For this
purpose snails were covered with black cloth sixteen hours be-
fore being tested for shedding. The snails were put in 20 ml con-
ditioned water then placed under a fluorescent light for about
two hours. The water was then checked for cercariae.

Starch Gel electrophoresis was performed on the snails ac-
cording to the method described by Jelnes [17]. Cellogel elec-
trophoresis was performed according to the method of Chemetron
[18]. The staining of the protein bands and the iso-enzymes was
performed according to Jelnes [17]. The technique of isoelectric
focusing used was that according to Righetti [19].

RESULTS AND DISCUSSION

The results of the present work (Tables 1-4) indicate that
although, mostly, there is a characteristic electrophoretic pattern
for proteins and enzymes common to all individual snails from
various species and populations, there are always differences
sufficiently marked and consistent to distinguish one species and
one population from others. The results of the isoelectric focus-
ing studies confirm this in snails as well as in certain strains of
Schistosoma mansoni (Tables 5-8). Accordingly these
interspecies and population differences may be thus of great
importance in characterizing various species and populations. -

The results are also highly suggestive of the presence of a
correlation between the number and distribution of the anodic
migrating electrophoretic bands of total soluble proteins of
Biomphalaria snails and their respective susceptibility to infec-
tion with S. mansoni. Biomphalaria globrata (P1) and
Biomphalaria alexandrina from Alexandria (P3) which showed
the least susceptibility to infection with S. mansoni showed
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Table 1
Cdmpan'son of Survival and Susceptibility of Snail Population of Bulinus truncatus Infected with Abo

Rawwash and Quena Strains of S. haematobium

Parasite Strains Abo Rawwash Strain Quena Strain

Snail Populations No. Survivals Infected No. Survivlas Infected
Exposed  No. % No. %  Exposeed No. % No. %
1- Alexandria 150 110 733 42 38.18 75 58 77.33 35 60.35
2- Zagazig 200 158  79.00 57 36.08 100 77 77.00 46 59.74
3- Qanater 85 43 50.59 22 51.16 85 39 45.88 24 61.54
4- Abo Rawwash 200 138 69 55 39.88 93 63 67.74 29 46.03
5- Giza E 103 73 70.87 32 43.84 75 58 77.33 24 41.38
6- Menia ‘ 73 40 5479 21 52.5 100 78  78.00 38 48.72
7- Quena 113 91 80.53 48 52.74 75 38 5067 26 68.42
8- Luxor 100 64 64.00 23 35.94 47 25 53.19 9 36.00
9- Aswan 150 113 7533 33 29.20 100 72 72.00 35 48.61
10- Sudan (Gezira) ’ 100 70 70.00 25 35.71 100 62 62.00 35 56.65
Total 1274 900 70.64 358 39.78 850 570 67.06 301 52.81
Table 2

Densitometry % of Anodic Migrating Total Soluble Body Proteins and Enzymes in Bulinus Snail Populations

Non Specific Esterase Glutamic Oxaloacetic (x-Glycerophosphate Dehyd-

Snail Protein Fractions % Fractions % Transminase Fractions rogenase Fractions %
Population (GOT) %
1 n m | \Y \Y VI I I m | I 1 m
P1 72.90 22.91 1.82 2.34 - - 18.01 715 10.46 50.00 49.82 - -
P2 76.91 9.56 337 2.94 2.98 3.05 28.74 7;!:27 - - - - 77.82 22.17
P3 72.05 23.34 2.25 2.34 - - 15.02 4913 34.21 39.95 6.04 75.37 10.00 14.03
P5 74.67 10.97 295 359 1.98 5.8 36.04 60.88 2.85 37.88 62.00 - 89.03 10.47
P6 70.02 13.83 3.77 5.86 6.49 - 21.91 65.00 13.07 31.25 68.55 - 71.37 22.04
P7 68.59 25.00 0.84 1.44 4.11 - 73.35 20.31 5.28 - - - - -
pg‘ - - - . - . - - - - - 49.14 31.60 18.9
P9 73.44 20.05 6.49 - - - 59.40 23.42 17. 15 40.56 59.04 77.36 13.25 9.39
P10 59.43 3.72 8.28 8.40  20.06 - - - - - - - - -

P1: B. truncatus from Alexandria

P2 : B. truncatus from Zagazig

P3 : B. truncatus from Abo Rawwash

PS5 : B. truncatus from Luxor

P6 : B. truncatus from Aswan

P7: B. truncatus from The Sudan
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P8 : B. truncatus from Quena

P9:B. tropicus from Zimbabwe

P10 : Control - Human Serum
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Table 3
Comparison of Survival and Susceptibility of Snail Populations of Boiomphalaria alexandrina, Biomphalaria glabratus and
Biomphalaria pfeifferi infected with an Egyptian Strain from Alexandria and a Puerto Rican Strain of Schistosoma mansoni

Snails Parasite Strains
Alexandria Strain Puerto Rico Strain
o No. Survivals Infected No. Survivals Infected
Species Populations  Exposed Exposed
No. % No. % No. % No. %
Biomphalaria  Alexandria 55 28 51.1% 8 27.86% 50 35  70% 0 0
alexandrina Zagazig 110 83 7396% 47 55.86% 50 43  86% 0 0
Al Marg 40 29 72.5% 16 55.04% 0 0 0 0 0
Suez i25 105 84.6% 52 50.79% 50 -44  88% 0 0
Aswan 45 35 77% 18 5237% 0 0 0 0 0
Total 375 280 71.83% 141 48.38% 150 122 8133% O 0
Biomphalaria  Puerto Rico 150 140 93.33% 21 14.99% 135 124 92.35% 109 88.08%
glabrata :
Biomphalaria  Sudan 95 47 4766% 14 31.87% O 0 0 0 0
pfeifferi
Table 4
Densitometry of Soluble Body Proteins and Enzymes in Biomphalaria Snail Populations
Snait Anodic Migrating Cathodic Migrating Non Specific Esterase % Cathodic a-Glycerophosphate Enzyme Fractions % (GOT)
Populations Protein Fraction % Protein Fraction % Anodic Migrating Migrating Dehydrogenase Glutamic Oxoloacetic Transaminase
Anodic Migrating Cathodic Migrating
1 u m v v VI 1 o m 1 Hi m v 1 1 )} m 1 i 1 i
P1 1.76 88.48 3n - - - 0.6 99.39 - 1.78 13.82 17.49 58.6 8.26 29.92 51.43 18.63 23.00 3483 33.44 8.67
P2 1.88 18.07 68.25 391 7.84 - 13.49 86.50 - 10.23 223 1098 512 10.19 114 89.79 9.02 4101 18.66 ‘ 33.50‘
P3 501 80.28 14.70 - - - 21.37 3238 46.23 - 1.54 31.04 60.47 692 3.93 84.25 1n.n 46.92 2@.37 28.61
P4 5.31 177 7.42 18.7 31.34 29.07 10.63 55.67 33.64 - - 2954 64.19 626 27.67 70.28 203 47.97 18.44 33.55

P1 = Biomphalaria glabrata from Puertrico

P2 = Biomphalaria alexandrina from Zagazig
P3 = Biomphalaria alexandrina from Alexandria
P4 = Biomphalaria alexandrina from Suez
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Table 5 .
Comparison Between The Survival and Susceptibility of Snail Populations of Biomphalaria alexandrina Infected
with Qualuobiya, Zagazig and Warrak Strains of Schistosoma mansoni

Strains of S. mansoni
Snail Qualuobiya Strain Zagazig Strain ’ Warrak Strain
Populations No. Survivals Infected No. Survivals Infected No. Survivals Infected
exposed No. % No. % exposed No. % No. % exposed No. % No. %
Alexandria 250 244  97.60 32 13.11 125 119 95.20 n 924 125 112 89.60 6 535
Zagazig 250 229  91.60 119 51.97 125 90  72.00 24 26.66 125 98 78.40 52 53.06
Abo-Rawwash 250 196  78.40 76 38,77 125 98 78.40 46 46.93 125 84 67.20 43 51.19
Suez 250 244 97.60 132 . 5410 125 89  71.20 51 5730 125 98 78.40 72 73.46
Menia 250 247 98.80 216 87.45 125 - 78 62.40 51 65.38 125 85 68.00 63 -73.11
Total 1250 1160  92.80 575 49.56 625 474 75.84 183 38.60 625 477 76.32 236 49.47
Table 6a

Number of Bands Obtained by Isc-electric Focusing of Esterases Extracted from Various Populations of
Snails at pH 3.5-9.5

pH (I) Whole Snail (II) Digestive Gland (ITT) Head Foot Organ

Pl P2 P3 P4 PS5 | Pl P2 P3 P4 P5 )| Pl P2 P3 P4 PS5
45-5.5 2 3 3 3 3 3 3 3 3 3 1 1 1 1 -
3.5-55
55-6.5 6 6 6 6 6 6 7 8 6 6 6 6 3 7 6
5.5-15
6.5-7.5 2 2 4 5 3 5 3 4 4 3 1 1 - 2 2
7.5-8.5 - 3 5 - 5 - 2 6 2 5 - - - - -
7.5-9.5
8595 1 3 4 2 3 3 3 4 3 4 1 3 2 2 2

Snail Population: P1 - Alexandria, P2 - Zagazig, P3 - Abo Rawwasil, P4 - Sum, PS5 - Menie.
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Table6 b

Number of Bands Obtained by Iso-electric Focusing of Acid Phosphatases Extracted from Various
Populations of Snails at pH 3.5 - 9.5 \

—

pH

(I) Whole Snail

(II) Digestive Gland

(II) Head Foot Organ

Pi

4.5-5.5 . 2
3.5-55
5.5-6.5
5515
6.5-7.5
7.5-8.5 1
7.5-9.5
8.5-9.5

P2 P3 P4

2 3 2

P35 Pi P2 P3 P4

3 2 2 3 2

P5

b

P1 P2 P3 P4 PS5

1 2 2 2 3

Snail Population: P1 - Alexandria, P2 - Zagazig, P3 - Abo Rawwash, P4 - Sum, P5 - Menie.

Table 6¢

Number of Bands Obtained by Iso-electric Focusing of Soluble Proteins Extracted from Various
Populations of Snails at pH 3.5 - 9.5

pH (I) Whole Snail (ID Digestive Gland (II) Head Foot Organ

Pl P2 P3 P4 PS5 | Pl P2 P3 P4 PS5 |PL P2 P3 P4 PS5
4555 |
3.5-55 17 17 21 21 20 18 17 19 18 18 13 19 20 18 23
5.5-6.5
5515 7 9 13 11 15 7 10 i1 9 7 3 8 8 8 10
6.5-7.5
7.5-8.5
7.5-9.5 4 4 'S 4 6 3 4 4 5 5 2 2 4 2 4
8.5-9.5

Snail Population: P1 - Alexandria, P2 - Zagazig, P3 - Abo Rawwash, P4 - Sum, P5 - Menie.

Table 7

Schistosoma mansoni at pH 3.5 - 9.5

Esterases Acid Phosphatases
Female Worms Male Worms Male Worms Female Worms
pH Strains Strains - Strains Strains

2 3 4 i 2 3 4 1 2 3 4 1 2
4555 . - . . - - - - 2 2 - - -
5.0-6.5 4 7 5 5 4 6 6 1 2 2 - - -
6.5-1.5 - - - - - - - 2 2 3 1 1 1
6.5-8.0 1 8 - "3 4 8 5 - - - - - -
7.5-8.5 - - - - - - - 2 2 3 2 2 2
8.0-9.5 1 1 1 1 1 1 1 - - - - - -
8.5-:9.5 - - - - - - - 4 1 4 1 2

Numbering of strains of S. mansoni
1: Qualuobiya 2: Warrak 3: Zagazig  4: Puerto Rican

243




L4

Table 8

Number of Bands Obtained by Iso-Electric Focusing of Soluble Proteins Extracted from Worms of Various Strains of
Schistosoma mansoni at pH 3.5 - 9.5 and 5.5 - 8.5

Female Worms : Male Worms Female Worms Male Worms
pH Strains Strains pH Strains Strains
2 3 4 1 2 3 4 2 3 2 3
3.5-5.5 13 18 15 22 18 20 17 | 5.5-65 2 2 5 6
5.5-5.7 4 6 5 16 13 18 15 6.5-7.5 1 2 3 3
7.5-9.5 1 4 1 5 3 5 4 7.5-8.5 1 1 3 3

Numbering of strains of S. mansoni
1: Qualuobiya
2: Warrak
3: Zagazig
4: Puerto Rican
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smaller number of electrophoretic protein bands than B.
alexandrina from Zagazig (P2) and that from Suez (P4) which
are much more highly susceptible to infection (Tables 3 and 4).

In case of cathodic migrating electrophoretic proteins,
Biomphalaria glabrata (P1) showed a pattern distinctive from
the three populations of Biomphalaria alexandrina from Zagazig,
Alexandria and Suez (P2, P3 and P4) that showed a characteris-
tic pattern of its own that could not be related to the susceptibil-
ity to each infection with S. mansoni. This is also true for a-
glycerophosphate dehydrogenase and glutamic oxaloacetic tran-
saminase (GOT). In case of the esterases each species and popu-
lation also showed a different zymogen picture. Esterases in
Biomphalaria globrata exhibited pronounced intra- and inter-
population variations that were correlated with snail susceptibil-
ity to infection with schistosomes. However, species identifica-
tion was not possible on the basis of esterase patterns, whereas,
reliable species identification was possible from the study of four
enzymes but often the esterase pattern alone could provide ten-
tative identification. Genetic polymorphism has been described
in esterases, glucose 6-phosphate dehydrogenases and alcohol
dehydrogenases in natural populations of Biomphalaria globrata
and Biomphalaria tenagophila [20].

In the present study, the electrophoretic protein pattern of
Bulinus tropicus, a diploid snail from Zimbabwe which com-
pletely resists infection with Schistosoma haematobium[21] was
compared with that of some populations of Bulinus truncatus, a
polyploid snail susceptible to infection with schistosoma
haematobium. The diploid snail showed a different pattern of
proteins than those of all the populations of the polyploid snails.
Burch and Lindsay [22] studied, using disc electrophoresis, the
esterases of foot muscle extracts of Bulinus tropicus and Bulinus
truncatus. They observed a stable difference between the dip-
loid and polyploid samples.

However, more than one protein pattern was also found be-
tween polyploids. In the present study three different protein
patterns were found in different populations of Bulinus truncatus
from Egypt and Sudan (Tables 1-2). The presence of more than
one protein pattern among polyploids has been observed before
in egg protein [23].

When esterase isoenzymes of Bulinus truncatus were sepa-
rated using cellogel and starch gel electrophoresis, similar re-
sults were obtained (Tables 1-2). This proves that the interpopu-
lation differences in esterase zymogen is a constant finding which
does not depend on the different experimental conditions. This
difference in the zymogen pattern might be relevant to the inter-
population differences in susceptibility of snail populations of
Bulinus truncatus to Abo-Rawash strain of Schistosoma
haematobium (Tables 1-2). Enzymes, being protein in nature,
have rates of migration that are relative to the rate of migration
of total body proteins. This has been examined by some authers
[22, 23] in case of total body proteins and esterases. This rela-

tion was found to be also true according to the results of the

present work (Tables 1-2).

The differences in the zymogens of GOT and 3-
hydroxybutyrate dehydrogenase in Bulinus tropicus and Bulinus
truncatus snails in the present study was found to-be-related to
the susceptibility of the snails to infection with Abo-Rawwash
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strain of Schistosoma haematobium. This result however, was
not completely in consistence with that obtained for the suscep-
tibility to infection with Quena strain of Schistosoma
haematobium. Similarly, Mohamed [24] reported certain corre-
lations between the mobility of GOT bands and the mobility
and the distribution of a-glycerophosphate dehydrogenase and
non specific esterases it Bulinus snails and their susceptibility
to infection with Schistosoma haematobium.

The behaviour of Schistosoma species in the defenitive (fi-
nal) host varies between strains and affects diagnosis and treat-
ment [1, 25]. Biochemical features has been considered by hel-
minth taxonomists as valid characteristics for classification [10,
26).

In the present work, isoelectric focusing has been used to:
characterize populations of Biomphalaria alexandrina as well.
as certain strains of Schistosoma mansoni. Various systems have
been attempted in order to determine those techniques whick may
be conventionally used for that purpose. The differential charac-
teristics of the salient bands for populations of snails and strains
of S. mansoni are shown in tables [6-8]. '

Itis clear that isoelectric focusing of soluble proteins extracted
from whole snails gives better results than those obtained from
the digestive gland or the head foot organ. Similarly strains of S.
mansoni are differentiated by isoelectric focusing of proteins
extracted from male and female worms. Isoelectric focusing of
esterases extracted from tissues of the digestive gland of snails,
provides another important tool for the characterization of popu-
lations of Biomphalaria alexandrina from Egypt. The same is
also true for acid phosphatases extracted from the digestive gland.

Various studies have been made about the variation in the
level of resistance induced by different pools of cercariae [27].
In each of two experiments separate groups of C57 Bl mice were
exposed to 20 to 30 S. mansoni cercariae from two different
pools and challenged 12 weeks later with a common pool of
cercariae. In both experiments the two initial infections induced
quite different levels of resistance (27-78% and 10-60%).

Dean er al. [28] stated that cercarial heterogenity may be
unusual in laboratory strains, since other workers had obtained
more consistent levels of resistance when the same strain of mouse
had been examined repeatedly under similar conditions [29]. The
level of resistance is directly related to the magnitude of the
granulomatous response. Dean ez al., [28] suggested an impor-
tant role for the granuloma in the development of resistance. It is
possible that the mechanisms of this resistance are independent
T-cell mediated interactions with schistosomes since similar re-
lationships between resistance and the magnitude of the
granulomatous relation have been demonstrated for S. japonicum
in mice [30]. Harrison et al. {31] showed that unisexual cercarial
infection, which does not lead to granulomatous liver disease,
fails to induce significant resistance to re-infection even with the
addition of eggs.

The major problem of bilharziasis in endemic areas, up till
now, is the repetition of infection. Bogliola [32] found that the
granulomas in repeatedly infected patients were more numer-

.ous, but natural evolution is still to fibrous scars. In addition, the

diameter of the granulomata in sensitized animals, as suggested
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by Cheever [33] was greater than unsensitized animals, while
Habib [34] stated that on each infection the pathological lesions

were detected with formation of cellular granulomata in relation

to the freshly deposited ova. He added that the development of
pipe-stem fibrosis, in cases of repetition of infection, was faster
than in single infection, and the first was undoubtedly respon-
sible for the final picture of Symmer’s fibrosis.

In spite of all these inter- and intraspecific variations in the
proteins and enzymes in the snails as well as in the schistosomes,
fortunately, from work on S. mansoni there appears to be little
intraspecific diversity of the major surface antigens of adult schis-
tosomes. This obviously augurs well not only from the point of
view of serological diagnosis but also with regard to vaccine
production. Thus, in schistosomes, once effective vaccination is
achieved it may be universally applicable [12].

A number of live vaccines have been used against
schistosomasis in animal experiments. These included freeze,
parasites [36] and vaccines based on

unity has never been obtained; this is at least
evasion mechanism which allows the parasite to
host making schistosomiasis a chronic disease. The
s of the worm can survive in the blood vessels of the
lower-intestine or bladder for years, by disguising themselves
with a coat of host like surface proteins. These proteins include
the major histocompatibility antigens of the host [38], which are
mainly blood group antigens. Immature forms of the parasite do
not have this disguise. The expression of Schistosoma mansoni
genes which encodes for surface antigens has been described
[39].

Wakelin [40] stated that, although there is some agreement
on the components which function as effectors in vaccine in-
duced resistance, it has not been possible to associate variations
in specific components with variations in resistance. However,
Kelly and Colley [41] suggested that perhaps differences between
good and poor responders may depend less upon differences in
capacity to respond than upon differences in immunoregulating
mechanisms which allow the expression of response capacity.

Strain variations in immuno-pathological responses to S.
mansoni are also evident in mice. Dean et al. [28] found that the
varying degrees of resistance seen in a panel of 10 strains of
mice after re-infection with S. mansoni were linked primarily
with the degree of portal hypertension and the number of lung
granulomata, both reflections of pathological changes in the liver.
Fanning and Kazura [42] showed that the modulation of
granu]omata size which ameliorates the severity of pathological
reactions late in infection was also strain variable.

Immunity to schistosomiasis in mice is more strongly ex-
pressed against re-infection than against primary infections.
Neverthless there is substantial strain dependent variation in the
degree to which primary infections develop. Such variations are
apparent in the number of adult worms, egg output, pathological
response and inflammatory changes [43]. Butherworth et al. [44]
demonstrated that there is some correlation with resistance to re-
infection and recognition of particular antigens.Accordingly, the
importance of establishing: the basis of the differences and the
similarities in the biochemical pictures especially proteins and
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tigens [37]. Despite all this activity satis-

enzymes in the snails as well as in schistosomes is highly impor-
tant not only from the point of view of classification but also for
the studies of resistance to infection and re-infection as well as
for the success of producing a successful vaccine against
schistosomiasis.

/ .

This is highly important in view of the fact that although,
there is a powerfull and reliable chemotherapeutic drug,
Praziquantel which can be used to treat schistosomiasis, the drug
is relatively expensive and the disease is soo widespread so that
research into a vaccine has been going on for several years, since
reports came from Zaire [45]. The latter investigators showed
that serious side effects can develop with the drug and the treat-
ment does not prevent re-infection, thus the effort put into devel-

~ opment of a vaccine has bgen considerably increased. To over-

come the problem of drug resistance, Katz et al. [46] reported
that treatment with alternative drpgs ‘(oxaminiquine and
praziquantel) in children not cured w1th the first treatment re-
sulted in negative stool in 11 out of 2 cases, examined one month
after the second round of therapy/ In order to minimize the risk
of the development of drug resistance, they suggested that in-
fected patients should be treated with one drug and in therapeu-
tic failures with another.
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